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AB' - AB is equal to the projection of BB' upon AB, and that the difference GB — GB' is equal to the projection of BB' upon BG. These projections are equal, since by the law of reflexion AB and BG are equally inclined to BB', and thus the variation of the total path, AB' + B'G ~ (AB + BG), vanishes.
A corresponding proposition holds good in the case of refraction. If we multiply the distances travelled in the first and second media respectively by the refractive indices appropriate to the media, the quantity so obtained is a minimum for the actual path of the ray from any point to any other. It is sufficient to consider the case of a variation of the point of passage in the plane of refraction.
In the first medium (fig. 2) /j,AB'-/j,AB = /u,BB'cosABD, and in the second medium pf CB - / GB' = /// BB' cos GBD. The whole variation of the quantity in question is therefore
BB' (fL cos ABD - fjf cos GBD}.
Now by the law of refraction the sines of the angles of incidence and refraction are in the ratio fjf : p, and accordingly
fjL cos ABD - fjf cos GBD = 0.
In whichever  direction, therefore,  the  point of Fig. 2.                  transition be varied, the variation of the quantity
under consideration is zero. It is evident that the second proposition includes the first, since in the case of reflexion the two media are the same.
The principle of the superposition of variations now allows us to make an important extension. If the quantity, which we may denote by ^/as, be a minimum for separate variations of all the points of passage between contiguous media, it is also a minimum even when simultaneous variations are admitted. However many times a ray may be reflected or refracted at the surfaces of various media, the actual path of the ray between any two points of its course makes S/iS a minimum. Even if the variations of refractive index be gradual instead of sudden, the same principle holds good, and the actual path of the ray makes fads, as it would now be written, a minimum.
The principle itself, though here deduced from the laws of reflexion and refraction, is an immediate consequence of the fundamental suppositions of the wave-theory of light, and if we are prepared to adopt this point of view we may conversely deduce the laws of reflexion and refraction from the principle. The refractive index fj, is inversely proportional to the velocity of propagation, and the principle simply asserts that in passing from any point to any other the light follows the shortest course, that is, the course of earliest arrival.
